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ABSTRACT 

PURPOSE: To prevent the occurrence of new contamination by a method wherein 
ultraviolet light is irradiated on the hard surface, whereon organic 
foreign substances exist, of a matter be cleansed before the matter to be 
cleansed is cleansed with a cleaning fluid. 

CONSTITUTION: In case the hard surface, whereon organic foreign substances 
exist, of a matter to be cleansed is dried after being cleansed with a 
cleaning fluid, ultraviolet light is irradiated on the hard surface before 
the cleaning. That is, by irradiating the ultraviolet light on the matter 
to be cleansed before the matter to be cleansed is cleansed with the 
cleaning fluid, the organic foreign substances of a photo resist and so on 
remaining on the surface of the matter to be cleansed are subjected to 
chemical change, are decomposed and disappeared on the spot and are brought 
in a state that they are easy to dissolve or peel with the cleaning fluid 
in a cleaning treatment to be executed with a cleaning fluid subsequent to 
that. Thereby, it is eliminated that organic foreign substances remain on 
the surface of the matter to be cleansed after the matter to be cleansed is 
subjected to cleaning treatment with a cleaning fluid and the occurrence of 
new contamination can be prevented. 
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SPECIFICATION 

.1. Title of the Invention: METHOD FOR CLEANING HARD 
SURFACE 

2 . Claim 

A method for cleaning a hard surface having organic 
foreign substances, comprising cleaning the hard surface 
with a cleaning solution* followed by drying, whereia a step 
of irradiating the hard surface with ultraviolet light is 
provided before any given step of cleaning with the cleaning 
solution. 

3. Detailed Description of the Invention 
[Industrial Field of the Invention] 

The present invention relates to a method for cleaning 
a hard surface, and more particularly relates to a wet 
cleaning method which is used, for example, when a photomask 
blank, a photomask, a semiconductor substrate, or the like 
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Is ol aned in a semiconductor process. 
[Description o£ the Related Art] 

Th known wet cleaning m thod generally includes the 
steps of cleaning by immersing a workpiece to be cleaned in 
at least two cleaning solutions (e*g., sulfuric acid, pure 
water, and alcohol) one after another, and ais required, by 
propagating ultrasonic waves into the cleaning solutions, 
and then drying by vaporizing the cleaning solutions* by 
means of vapors of alcohol or the like. 
[Problems to be Solved by the Invention] 

However, when a workpiece is subjected to cleaning 
treatment by the wet cleaning method described above, the 
workpiece after cleaning is observed to have contamination 
in spite of the cleaning treatment. One of the reasons for 
this is that organic foreign substances such as a residual 
resist stuck on the workpiece are not completely removed by 
the cleaning treatment and partially remain on the workpiece 
after the cleaning treatment. Another reason is that 
organic foreign substances such as a residual resist stuck 
on the workpiece chemically react with a cleaning solution 
such as concentrated sulfuric acid, and a new reaction 
product is deposited on the surface of the workpiece. Still 
another reason is that different types of cleaning solutions 
used in the cleaning treatment chemically react with each 
other, and a new reaction product is generated on the 



- 3 - 



surface of the workplece. Th g neratlon of contamination 
due to th chemical reaction between the different types of 
cleaning solutions will be further described In d tall. In 
order to clean this type of workplece. for example, cleaning 
treatment In which concentrated sulfuric acid Immersion 
cleaning and alcohol Immersion clezmlng are combined Is 
employed. In this cleaning treatment, after concentrated 
sulfuric acid Immersion cleaning Is performed In one vessel, 
pure water immersion cleaning is performed in three vessels 
b fore alcohol immersion cleaning in one vessel. Even If 
such pure water cleaning treatment is intervened, when 
foreign substances or the like exist on the surface of the 
workpiece or surface wettability of the workpiece is not 
uniform, sulfuric acid sticks and remains on the surface of 
the workpiece after pure water treatment and reacts with 
alcohol in the subsequent alcohol immersion cleaning^ 
treatment to generate a kind of esterifled reaction product. 
In such a case, it is difficult to remove contamination due 
to the reaction product even by cleaning again with a 
cleaning solution such as sulfuric acid or alcohol, which is 
particularly troublesome . 

As described above, in the known wet cleaning method, 
it is difficult to completely remove contamination due to 
organic foreign substances stuck on the workpiece, and new 
contamination may occur on the surface of the workpiece 
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because f a reaction betwe n th organic foreign substances 
and a cl anlng solution or a reaction between the Individual 
cl anlng solutions* 

The present Invention overcomes the foregoing problems. 
It Is an object of the present Invention to provide a method 
for cleaning In which contamination due to organic foreign . 
substances stuck on the surface of a workplece can be 
completely removed and new contamination associated with 
cleaning treatment can be prevented. 

[Means for Solving the Problems) 

The present Invention was made to achieve the object 
described above « and In a method for cleaning a hard surface 
having organic foreign substances with a cleaning solution, 
followed by drying, a step of irradiating the hard surface 
with ultraviolet light is provided before any given step of 
cleaning with the cleaning solution. s. 

[Operation] 

By irradiating a workplece with ultraviolet light 
before cleaning with a cleaning solution, organic foreign 
substances such as a photoresist that remain on the surface 
of the workplece are subjected to a chemical reaction, and 
the organic foreign substances may be decomposed and 
disappear at that stage or may become to be easily dissolved 
or removed by a cleaning solution in the subsequent cleaning 
treatment with the cleaning solution. Therefore, the 
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organic £ reign substances do not remain on the surface of 
the worlcpl ce after the cleaning treatment with the cleaning 
solutl n. 

Additionally, by the ultraviolet radiation treatment « 
since the organic foreign substances do not exist on the 
surface of the workpiece any more during cleaning treatment, 
a new reaction product is not generated due to a chemical 
reaction between the organic foreign substances and the 
cleaning solution. 

Moreover, since surface wettability of the workpiece is 
improved by the ultraviolet radiation treatment, the 
cleaning solution spreads over the surface of the workpiece 
uniformly, and cleaning treatment with the cleaning solution 
can be performed uniformly over the entire workpiece, and 
also draining is easily performed when the workpiece is 
withdrawn from the cleaning solution and the cleaning 
solution does not remain partially concentrated on a portion 
of the surface of the workpiece. Thereby, for example, in a 
cleaning method in which sulfuric acid immersion cleaning 
treatment and alcohol immersion cleaning treatment are 
combined, if a simple pure water immersion cleaning 
treatment step for eliminating sulfuric acid that remains 
slightly on the surface of the workpiece is provided between 
the sulfuric acid treatment and the alcohol treatment, new 
contamination due to a chemical reaction between sulfuric 
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acid and alcohol do s not occur. 
[Bxamplel 

With resp ct to a conventional m thod for cleaning a 
photomask In which a workplece Is subjected to sulfuric add 
cleaning, pure water deeming, and Isopropyl alcohol 
(hereinafter abbreviated as IPA) cleaning In that order, 
followed by drying using IPA vapors, an example In which the 
workplece Is subjected to ultraviolet radiation treatment 
before sulfuric acid cleaning will be described below. 

As a workplece , a photomask obtained by the known steps 
of resist, etching, and photoresist stripping was used. 
That is, in order to obtain the photomask as a workplece, 
AZ*1350 (manufactured by Hoechst) as a positive photoresist 
was applied on a photomask blank in which a chrome shading 
film was formed on a transpeirent glass substrate, exposure 
and development were performed through a mask havlng^a 
predetermined pattern, the shading film was etched using the 
resist pattern as a mask, and then the resist pattern was 
stripped. 

Four sheets of such a photomask with dimensions of 5 x 
5 X 0.09 inch were placed in an ultraviolet irradiation 
system (treatment -chamber volume: 3,240 cm^) and 
ultraviolet radiation treatment was performed. 

Treating conditions are as follows. 

Ultraviolet source; low-pressure mercury- vapor lamp. 
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in which th intensity of an emission line at 2,537 
A occupies 90% and the intensity of an emission 
lin at 1,849 k occupies sev ral percents of the 
total intensity. 
Total power applied to low-pressure mercury- vapor lamp: 
770 W 

Wet air: Introduced at a velocity of 30 1/minute from 
a gas inlet of the ultraviolet irradiation system. 
Wet air improves the efficiency of O3 generation 
during ultraviolet radiation. 

Treating time: 5 minutes 

After ultraviolet radiation treatment, the workpiece 
was subjected to cleaning treatment, followed by drying 
treatment. That is, cleaning treatment was performed by 
immersing the workpiece in one-vessel concentrated sulfuric 
acid having a concentration of 98% for 5 minutes, next by 
immersing in one-vessel pure water for 30 seconds, and 
further by immersing in one-vessel IPA for 3 minutes. With 
respect to the immersion of the workpiece in the IPA vessel, 
ultrasonic cleaning was performed by propagating ultrasonic 
waves into the IPA solution. (An ultrasonic oscillator for 
generating frequencies of 45 kHz and 46 kHz alternately was 
used. Applied power was 400 W.) 

Drying treatment after the cleaning treatment was 
performed by exposing the workpiece withdrawn from the IPA 
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V 88 1 to IPA vapors. 

t 

With r spect to 16 workpiec s which w re cleaned and 
dried aft r ultraviolet radiation treatment as described 
above, the cleanliness level was inspected. Contamination 
was not observed in all 16 vorkpieces. 

With respect to 15 workpieces which were cleaned and 
dried in a similar manner without performing ultraviolet 
radiation treatment, the cleanliness level was Inspected. 
Contamination was observed in the entire surfaces of all 15 
workpleces. Even when pure water immersion cleaning 
treatment was performed in three vessels and the immersion 
time was set for 100 seconds each, contamination was often 
observed in the entire surface of the workplece when 
ultraviolet radiation was not performed. 

As a result of this example, in the method in which 
ultraviolet radiation treatment is performed in accordance 
with the present invention, organic foreign substances stuck 
on the workpleces are effectively removed and a new reaction 
product associated with a chemical reaction during cleaning 
treatment is not generated, and thereby it is clear that 
cleanliness of the workpleces after cleaning treatment can 
be secured satisfactorily. 

Although in the example described above, a photomask 
stuck with a residual positive (photodegradable) photoresist 
was used, in the method in accordance with the present 
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Invention « a workpl c stuck with a residual negative 
(photo-setting) photoresist may be cl aned, and in the case 
of posltiv and negative electron beam resists, the method 
also can be used similarly. 

The method in accordance with the present invention is 
not limited to cleaning of photomasks. Photomask blanks, 
glass substrates, glass substrates provided with transparent 
conductive films, silicon wafers, and the like, and 
additionally, optical lenses such as camera lenses and 
spectacle lenses may be considered as workpleces, and the 
method is used to remove organic foreign substances (e.g., 
contaminants due to dust in air or contaminants due to 
finger contact) attached or stuck to the surfaces thereof. 

Ultraviolet radiation conditions may be selected 
appropriately depending on materials of workpleces and 
processes undergone before cleaning treatment. That^is, as 
a light source for ultraviolet radiation, a mercury arc lamp, 
a medium-pressure mercury lamp, a high-pressure mercury lamp, 
a xenon lamp, a heavy- water lamp, or the like may be used. 
As an induction gas, instead of wet air used in the example 
described above, dry air, ozone (O3), or the like may be 
used. Moreover, power and treating time may be varied 
voluntarily. Ultraviolet radiation may be performed in an 
atmosphere containing a gas such as oxygen, and in such a 
case, oxygen changes into ozone during ultraviolet radiation 
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and oxidative d struction or the like of contaminants stuck 
on the w rkpiece is accelerated. Ultraviolet radiati n may 
also be performed in an atmosphere containing an inert gas 
such as argon or nitrogen. Although ultraviolet light 
radiated may have a given wavelength in addition to that 
described in the example, in order to effectively reduce and 
remove foreign substances such as organic substances, it is 
desirable that ultraviolet light having a wavelength of 
1,000 to 3.000 A be radiated. 

Although ultraviolet radiation treatment was performed 
before sulfuric acid cleaning in the example described above » 
the timing of ultraviolet radiation treatment is not limited 
to this in accord€ince with the method of the present 
invention. Ultraviolet radiation treatment may be performed 
after sulfuric acid cleaning and befpre pure water cleaning 
or after pure water cleaning and before IPA cleaning^ or 
ultraviolet radiation treatment may be performed at least 
twice, for example, before sulfuric acid cleaning, and after 
sulfuric acid cleaning and before pure water cleaning. 

With respect to cleaning treatment after ultraviolet 
radiation treatment, although sulfuric acid, pure water, and 
IPA were used in that order in the example described above « 
cleaning treatment used in the method of the present 
invention is not limited to this. For example, cleaning 
treatment using aqueous hydrogen peroxide only, IPA only, or 
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hydrog n peroxld and IPA may be adopted. In cleaning 
treatment using aqueous hydrogen p roxlde only or IPA only, 
ultraviolet radiation treatm nt Is performed before cleaning 
with aqueous hydrogen peroxide or IPA, and In cleaning 
treatment using aqueous hydrogen peroxide and IPA« 
ultraviolet radiation treatment is performed at a given 
stage before aqueous hydrogen peroxide cleaning » after 
aqueous hydrogen peroxide cleaning and before pure water 
cleaning, or after pure water cleaning and before IPA 
cleaning. 

Of course, when a workplece is subjected to immersion 
cleaning in a cleaning solution, ultrasonic waves may be 
propagated Into the cleaning solution, or the workplece may 
be oscillated. 

As cleaning treatment, instead of immersing a workplece 
in a cleaning solution as described above, a method -ef 
spraying a cleaning solution while a workplece is rotated by 
a spinner or the like, or a method of spraying a workplece 
with a pressurized (high-pressure jet) cleaning solution may 
be adopted. 

With respect to drying treatment of the workplece, 
although vapor drying by IPA vapors was adopted in the 
example described above, vapor drying using other vapors 
such as flon may be used, or spin drying may be used. 

The method of the present invention is also effective 
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In r ol anlng a workpl ce in which contamination has 
occurred due to a chemical reaction betw n dlf f r nt types 
of cleaning solutions (for xample, sulfuric acid and 
alcohol) as a result of carrying out a general cleaning 
process without ultraviolet radiation treatment. By 
recleanlng treatment with a cleaning solution after 
ultraviolet radiation treatment, contamination that is not 
removable under normal conditions can be removed. 
[Advantages] 

As described above in detail, the method in accordance 
with the present invention makes it possible to effectively 
clean photomasks, photomask blanks, glass substrates, 
semiconductor substrates, and the like, and also articles 
having hard surfaces such as optical lenses and spectacle 
lenses, and the industrial significance of the invention is 
great . 

Applicant for Patent Hoya Corporation 

Agent Patent Attorney Shizuo Nakamura 



